The goal of this exploratory study was to investigate electronic communication as a potential method to enhance social communication in a range of students with disabilities. This study investigated the usability of an adapted e-mail interface, TeenMail, for 11 middle school students with significant learning and communication impairments who received special education services in a resource room. It sought to provide an initial sampling of the writing and communicative exchange characteristics for this population when using the modality of electronic communication. All of the students learned to use the program and independently initiated exchanging e-mails with classroom peers and teachers. The most notable finding was the unanticipated high number of e-mails that were sent over the 12-week project. Students sent 1,323 e-mails. E-mails were coded for writing and communicative exchange elements and provide a sample of electronic communication for this population. Results encourage future exploration of e-mail to promote social communication and as a possible communication intervention tool for students with learning challenges.
tion (Martin, Klusek, Estigarribia, & Roberts, 2009) . Challenges in this population have been documented in decreased initiation and elaboration of topics and initiation of repairs (Roberts et al., 2007) . Students diagnosed with autism spectrum disorders also display limited initiation in addition to overly literal language comprehension, unusual emotional interpretations, and lack of reciprocity in conversations (Martin & McDonald, 2003; Ozonoff & Miller, 1996; Philofsky, Fidler, & Hepburn, 2007) .
Turkstra and her colleagues (Turkstra, 2000; Turkstra, McDonald, & DePompei, 2001 ) have explored communication differences in adolescents with acquired brain injury and their noninjured peers. They reported that students with acquired brain injury have difficulty with recognition of emotion, detection of sarcasm, and changing social register. Students with a variety of developmental and acquired conditions have been reported to have frontal brain dysfunction resulting in impulsivity and disinhibition manifested as inappropriate topic selection and poor turn taking (Anderson, Damasio, Tranel, & Damasio, 2000) . Other populations with typical cognitive skills may not have impaired social competence as an identifying characteristic but may display difficulties with social skills that contribute to reduced integration. For example, students with specific language impairment have been shown to have social and internalizing behavioral problems compared with age-matched peers when observed by classroom teachers (Redman & Rice, 1998) . The universality of challenges in social communication for students with a wide range of diagnoses underscores the need to develop effective, broadly applicable social communication interventions.
The goal of this exploratory study was to investigate electronic communication as a potential method to enhance social communication in a range of students with disabilities. We know virtually nothing about the electronic communication abilities of these students and whether existing deficits mirror those found in face-to-face communication.
We do know that electronic communication has become standard fare for adolescent social interaction and represents an important arena for social integration. Almost half of teens in one survey reported that their use of the Internet improves their relationships with friends, and 32% reported that Internet tools help them make new friends (DeBell & Chapman, 2003) . A more recent Internet survey on teens and social media revealed that 93% of teens surveyed have increased the frequency of their use of the Internet, treating it as a primary venue for social interaction (Lenhart, Madden, Rankin Macgill, & Smith, 2007) .
Unfortunately, youth with disabilities, particularly those with social communication and cognitive deficits, are often left behind in their use of this mainstream technology due to issues of Internet safety, interface complexity, and students' difficulty with writing (Wehmeyer, Smith, Palmer, & Davies, 2004) . Disability is a significant factor in the digital divide (Rural Institute, 2006) . A review of published research on societal participation by adolescents and adults with developmental disabilities highlighted the need for accessible distance communication technologies such as e-mail and instant messaging in order for this population to develop and maintain social networks (McNaughton & Bryen, 2007) .
Our interest in exploring electronic communication in youth with decreased social competence was also driven by its potential to serve as a motivating intervention modality that could be adapted for a wide range of needs and skills. Sociolinguists have long described writing as an active, social, problem-solving process greatly affected by contextual variables. Written expression is considered a social process learned through dialogue and interaction (Gregg & Mather, 2002; Vygotsky, 1978) . E-mail, a written social exchange, thus
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provides a potentially ripe communication platform for adolescents with special learning needs. As this communication modality has become normative for typical secondary students, we must explore its use among students with special education needs. Accessible e-mail thus has the potential to provide a specific intervention modality to improve written social communication and to increase social connectedness by lessening the digital divide for students with learning disabilities.
In our prior work, we conducted a longitudinal evaluation of adults with cognitive disabilities due to brain injury who were provided accessible e-mail interfaces. Results revealed that the ability to engage in electronic communication resulted in perceptions of increased social connection and self-esteem, with associated increases in a variety of social exchange behaviors such as initiation and turn taking (Sohlberg, Fickas, Ehlhardt, & Todis, 2005) . In this study, we investigated whether these findings would generalize to adolescents receiving special education services with the wide range of communication deficits characteristic of these students. We explored the impact of providing a resource classroom of middle school students with accessible e-mail interfaces. Our previous work had resulted in the development of an adapted e-mail program usable by people with learning and memory impairments that eliminated the safety risk (www.coglink.com; Sohlberg et al., 2005) . However, we were unsure whether the text generation requirements for written communication would be surmountable by students with a wide variety of cognitive and learning challenges, and if so, whether this modality would provide the same communication satisfaction as for typically developing students.
There is surprisingly little research on written language among students with developmental disabilities, specifically mental retardation (Martin et al., 2009) . The work that has been conducted mostly examines written language in students with specific language impairment. Several research studies conclude that the written language of students with specific language impairment is characterized by syntax errors and the use of fewer words but is not significantly different from that of their peers in terms of communicative intent (e.g., Mackie & Dockrell, 2004; Scott & Windsor, 2000) . Other populations exhibit different profiles. The writing of students with moderate to severe autism who have functional speech is characterized by content that relates to the students' experiences but lacks coherency in terms of syntax and semantics (Bedrosian, Lasker, Speidel, & Politsch, 2003) . One study compared narratives in three modes-oral, handwritten, and word processed-in students with Down syndrome and reading-matched typically developing controls (Kay-Raining Bird, Cleave, White, Pike, & Helmkay, 2008) . Results showed that students with Down syndrome generated shorter and less complex written narratives, but many of their abilities were comparable to their reading-matched controls. The authors further suggested that there was a performance constraint produced by reduced fine motor skill in the Down syndrome group that hindered writing. A broad look at the writing literature suggests that across disability categories, writing skills may be functional for electronic communication.
RESEARCH QUESTIONS
The purpose of this study was to evaluate whether the range of middle school students comprising a special education resource room could use an adapted e-mail program designed to accommodate impairments in learning, selfregulation, and problem solving (Sohlberg et al., 2005) . If the students were able to use the e-mail interface, we were interested in exploring whether it appeared to be a motivating activity and in analyzing possible patterns in their communication and writing when using an electronic modality. Specific research questions for this exploratory study were as follows:
1. and metacognitive commentary on the nature of the exchange)? 6. Would the classroom teacher and students using the e-mail program perceive it to be a useful, motivating, and communicative tool? 7. Would the classroom teacher perceive it to be a potential instructional tool?
METHODS

The TeenMail interface
The TeenMail interface was developed by our research group using an iterative design process that involved students, parents, and teachers, as well as computer programmers and researchers. We began by conducting focus groups and asking for suggested modifications to our adult e-mail system (Coglink; www.coglink.com). Coglink, developed using principles of universal design, accommodates a range of learning needs using interface features such as eliminating the requirement to navigate between windows and making required actions simple, transparent, and impervious to errors (Sohlberg et al., 2005) . The development process revealed the following as essential features for a teen version: (a) a closed system, with chosen partners; (b) social prompts to shape e-mail behavior; and (c) writing aides (e.g., a simplified spellcheck system). These features were incorporated into TeenMail and pilot tested with four students with developmental disabilities. On the basis of this work, the prototype of the TeenMail system was built as an extension of the Coglink program and used in this study.
The TeenMail student interface consists of two main screens with features designed to respond to social and cognitive challenges identified by parents, teachers, and students. The first, shown in Figure 1 , lets the student know from whom they have received e-mails and to whom they have sent e-mails. A red light signifies that the student has gone over the limit of sending e-mail without receiving a reply. Figure 2 shows the e-mail reading and writing interface. In this example, the student is shown the incoming message from the partner and can compose a message in response. Procedural prompts listing the steps for "how" to e-mail are at the top of the screen and the content prompts for "what" to write are in the middle of the screen. TeenMail supports free writing with message content prompts that have been preselected by a teacher from a closed set of options.
The TeenMail program is delivered on a personalized USB drive that each student carries on a lanyard. The USB drive holds both the TeenMail program and information about the student, including all of their unread email and prompting information. A conscious decision was made not to use other assistive writing programs commonly used with this population (e.g., word prediction) because they required navigating between windows, which was prohibitively complex for many of the students. A simplified spell-check was embedded in TeenMail on the basis of the same interface design features.
Participants
A local middle school special education teacher and the consulting speech-language pathologist (SLPs) were recruited on the basis of the following criteria: (a) their classroom was in close proximity to the research laboratory; (b) they taught in a special education resource room with students representing a wide range of disability categories; and (c) the resource room or school contained a computer laboratory accessible to the students. All of the students in their class were invited to participate in the study.
The teacher sent home recruitment and consent letters to parents/caregivers. Because the TeenMail program was to be used as a part of the classroom routine, all students would be exposed to the program; however, only students whose parents consented would be part of the data collection process. All of the parents consented to have their students participate.
The classroom contained 11 students (7 boys and 4 girls) between the ages of 12 and 15 years. All spoke English as their first language. Eight of the students met criteria of Individuals with Disability Education ACT eligibility and developmental disability and included seven students with mental retardation and one student with autism. Two students were classified speech language disorder (SLD), whereas another student had a primary eligibility of orthopedic impairment and a secondary eligibility of learning disability. The students with SLD also attended regular elective classes and were assigned to the resource room setting because of the targeted instruction and technology available to address specific instructional educational plan goal areas (e.g., computer use and written language instruction). Available intelligence quotient scores ranged from 44 to 89. All students had reading and writing goals in their Individualized Education Plans (IEPs). Students' reading and writing skills were evaluated by the teacher using curriculum-based assessment and classroom observation. They were categorized as either (a) "emergent"-grade level prekindergarten to K-1, with goals focusing on matching spoken and written words, identifying words, and using pictures to derive meaning; or (b) "below grade level"-grade level 1 to 2 and above, with goals focusing on increasing sight vocabulary, reading more complex material, and using strategies to self-correct (Carnine, Silbert, Kame'enui, & Tarver, 2009 ). The students' writing skills were commensurate with their reading skills.
All but one student had additional instructional educational plan goals in the domains of communication, social skills, and/or speechlanguage. Table 1 summarizes the student profiles.
Procedures
The teacher and SLP randomly selected 3 to 4 classroom peers in addition to themselves and three classroom aides, as e-mail partners for each student. All students in the class participated as TeenMail users and as e-mail partners for each other; hence, all peer e-mail buddies had communication deficits and varying learning differences. Project staff took photos of all the e-mail partners and then loaded them on to the individual student USB drives so that the photos were shown in the e-mail buddy list. The classroom contained eight classroom computers previously set up side by side on a U-shaped table. Students were allowed 30 min of computer time during a class period two times per week. TeenMail use was allowed as a choice option during this routine computer time.
After the initial setup, the teacher was instructed to introduce TeenMail in her classroom as desired to improve the social communication and e-mail skills in her students. For the first 3 weeks of the program, researchers responded to technical questions and problems, whereas the teacher and students tried out and learned how to use the e-mail program. Several students needed new USB drives because they bent them when taking them out of the computer. The teacher independently designed and conducted two whole-group instructional sessions to teach the procedures for using TeenMail. During one session, she gave a "letter writing" lesson and talked about the parts of an e-mail (greeting, message, and closing). During the second session 1 week later, she reminded the students to use appropriate words and show interest in their e-mail buddies by asking them questions. With her classroom aides, the teacher also provided individual support and demonstration to teach the students how to read, write, and send emails. Most of the students needed very little instruction in the mechanics of using the program. It is felt that this was due to the fact that the interface is very intuitive as it was designed to be used by people with severe cognitive impairments. In addition, the classroom aides were available to demonstrate the program as the students were learning it. Most of them required guidance focused on how to insert and remove the USB thumb drive and how to wait for the program to boot up and shut down. 
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After the initial 3-week TeenMail introduction phase, project researchers observed classroom TeenMail use twice per month for 12 weeks. Two of the authors were primary observers. They were active in their observations and walked around and talked to students, as they were e-mailing to solicit their perspectives and closely observe their email behavior. Detailed field notes were written after each observation to capture actual classroom behavior. The researchers supplemented classroom observations with a weekly e-mail to the classroom teacher asking for any TeenMail updates that she felt were relevant. TeenMail was one option during the established computer time; students could also choose other computer activities such as games. These qualitative data provided context for analysis of the e-mail content and the quantitative data on e-mail use.
E-mail content and behavior were also captured quantitatively. All e-mails were stored on a Linux-based server hosted on the university network. The e-mails were tagged for date and time, sender, and receiver. The emails and coding data were stored in a MySQL database that could only be accessed directly from the server. No remote access to the actual database was allowed. However, secure server-side Web applications were built to allow authenticated researchers to view e-mails and enter codes. The server was kept in a locked office on the university campus and was accessible to only two researchers. Users had to provide the authentication to both the server and database to access the e-mails. The second author coded all of the e-mails on the parameters described later. The first author coded 20% of the e-mails to assess interobserver reliability.
Dependent measures E-mail characteristics
E-mail characteristics were coded under three broad domains: surface writing structure (eight characteristics), e-mail content (primary communicative intent), and communicative exchange (two characteristics). The coding categories were in part based on the work of Coelho, Youse, Le, and Feinn (2003) , identifying key elements of communicative exchange. Although this work was based on adults with neurocognitive impairments, it provided methodological direction for identifying standard discourse characteristics that would discriminate groups with social communication deficits due to a variety of disabilities and offered face validity for analyzing communication exchange in both oral and written modalities. Other work that contributed to the identification of coding parameters stemmed from protocols used for observation of child discourse (Damico, 1992; Damico, Oller, & Tetnowski, 1999; Prutting & Kirchner, 1987) . The protocol for this study was developed and piloted on sample e-mails to assess interrater reliability and evaluate validity. It was modified and then implemented as described later.
Writing structure
The e-mails were coded for key writing characteristics described in the empirical research (Gregg & Mather, 2002) and for components specific to e-mail structure. The email components of greeting, body, and closing were coded as dichotomous variables (either absent or present). Other surface writing categories were coded as 1 to 3 scale variables (e.g., absent, present, or elaborated) to capture the range of performance. 
E-mail content
Topic selection is a critical component of communication intent (Olswang, Coggins, & Timler, 2001; Peets, 2009) . The e-mail content was analyzed by coding the primary communicative intent of the e-mail. Pilot work led to the identification of the following seven intent codes:
r Social connection. Purpose is akin to "shoulder tapping" to greet or encourage a partner to respond. There is no content to the message other than the connection (e.g., "hi"; "how are you?"; "Hey Girlfriend"). r Information transfer. Transmission of specific factual or experiential information. r Invitation: Request to participate in event or experience. r Question. Querying partner on any topic other than for social connection or invitation. r Regulatory. Metamessages in which the sender made a comment or request specific to e-mail exchange (e.g., "When you use weird names I don't know who you are talking about," or "I don't understand your message"). r Reply. Response to a specific question posed in previous e-mail. r Does not fit. Message content undecipherable.
Communicative exchange
Two critical aspects of the exchange were coded on the basis of the pragmatic literature (Olswang, Coggins, & Timler, 2001; Prutting & Kirchner, 1987) .
r Contingency: Relatedness of a return message to the previous message was coded as present or absent. r Topic shift: Coded as absent, smooth, or disruptive.
Reliability
Two researchers coded 20% of the e-mails to evaluate interrater reliability. Percentage agreement was determined by dividing the number of agreements by the total number of coded items. Agreement was 96%. Three codes initially accounted for 90% of the disagreements: contingency, topic shift, and stereotypy. The disagreements were resolved by further operationalizing the categories and recoding the e-mails.
Social validity
Social validity was assessed through structured interview of the classroom teacher and individual student surveys and interviews. The classroom teacher administered the survey via an electronic system previously used for responding to items on classroom tests; hence, the students were familiar with how to use the system. One of the researchers administered the student interviews, which were videotaped and transcribed. The researcher individualized the type of question to accommodate differences in students' ability to respond (e.g., "yes-no" rather than open-ended questions). All social validity data were obtained at the conclusion of the study.
RESULTS
The database tools were used to calculate descriptive statistics summarizing the coding results of both the cumulative and individual e-mails across and within the 11 students. These data are displayed in Tables 2 and 3 
E-mail analyses
Usability
Our first research question sought to determine whether students with a range of special needs could learn to use an adapted e-mail interface. The second research question focused on whether students would initiate using the e-mail program. The data overwhelmingly supported an affirmative response to both of these questions. As shown in Table 2 , the students sent a total of 1,323 e-mails in 12 weeks. The frequency of e-mails sent by individual students ranged from 70 to 267. One qualification revealed by the observation field notes was that the teacher aides were available to help students use TeenMail. Two of the students (4 and 11) received assistance for spelling and content but were able to e-mail independently, and they independently initiated the activity. The weekly teacher feedback also revealed that four of the students frequently asked to use the TeenMail outside of the designated computer time.
The field notes also provided information relevant to the influence of procedural and content prompts on the TeenMail Interface. Students rarely referred to the procedural prompts directing them how to use the interface (e.g., "press send"). The interface is very simple and intuitive, and it appeared that all the students quickly learned the mechanics of retrieving and sending e-mail. However, they also did not utilize the content prompts that suggested message topics by pressing a button labeled "more ideas," even when they appeared not to have a ready topic and were shown the button.
Writing performance profiles
Our third and fourth research questions focused on analyzing the e-mails for trends related to writing and message content. Mean percentage of group e-mails that contained each characteristic, as well as percentages for each student, are displayed in Table 2 . These data provide a sample of the writing profiles using e-mail communication in a classroom of 11 students with communication impairments stemming from a range of etiologies. There was neither a comparison group of typical learners nor a large sample; hence, we do not know whether these data are representative of a larger resource room population or how they differ from typical learners.
As shown in Table 2 , an average of 67% of the messages contained an opening greeting, 92.3% of the e-mails contained some degree of a message body, and an average of only 27% of the messages contained a closing. With respect to writing mechanics, punctuation and capitalization were used with less accuracy and frequency than grammatical constructions and spelling. Stereotypic phrases were present in an average of 17.2% of the e-mails for the group, with the highest percentage produced by Student 3, who had a diagnosis of autism. Stereotypic phrases were present in 72.6% of his e-mail messages. Across all of the e-mail characteristics, there was variability across the students but remarkable consistency within individual student e-mail profiles. Table 3 summarizes the data with respect to communicative intent. The percentage of e-mails for each student that fell into one of the seven categories was calculated. The emails that were coded as "Does not fit" were ignored in this analysis. The primary purpose of the majority of the e-mails was to either ask a question or respond to a previously posed question or to establish a social connection. E-mail was rarely used to share an idea (i.e., information transfer), reflect on the communication (regulatory messages), or issue invitations.
Communicative exchange
Two codes were analyzed to evaluate communicative exchanges, our fifth research question. The first was topic transition that was dichotomized into smooth or disruptive. Only 11.7% of the messages contained a topic transition. Of those that did, 5.1% (range, 0%-11.5%) were judged as smooth and 6.6% (range, 0%-17.8%) were judged as disruptive. An example of a disruptive transition was, "I To further evaluate the domain of communicative exchange, a separate analysis was completed on all messages for which the primary topic was coded as either "invitation" or "regulatory." These two topics by definition promote a social exchange. We were interested in the potential of e-mail to provide a satisfying effective method of social exchange and thus conducted a finer analysis of these two topic areas. Table 4 shows a list of all "invitations" by the students who generated the message invitation and the general purpose of the invitation. Five of the 11 participants issued at least one invitation via e-mail. Student 6, who had a relatively high rate of stereotypy in his messages (17.3%), tended to issue invitations in a stereotypic manner. Most of his invitations asked e-mail partners to come to his house at a specific time that presumably would require parental input that was not available in the TeenMail school setting. When e-mail partners responded favorably to the invitation, Student 6 did not follow through with planning the event but simply changed the topic or did not reply. Student 3, who also engaged in stereotypic e-mail behavior, issued invitations that were generally confined to school activities. The logistics of these activities could be, and were, supported by classroom staff, so Student 3's invitations were more likely than those of Student 6 to result in social interaction with the e-mail partner. Students 4, 5, and 10 mostly confined their invitations to an activity the email partners could manage themselves such as a phone call.
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Messages whose primary purpose was coded as "regulatory" were also analyzed in more detail and are listed in Table 5 . Six of the 11 participants produced one or more regulatory e-mail messages. Regulatory content was defined as a statement that (a) encourages or discourages further e-mail contact, (b) comments upon the content of the e-mail partner's message or upon his or her classroom behavior, or (c) suggests a topic or tone for future emails. Only Student 5 employed all three types of regulatory functions in her messages, and she was the only student who attempted to regulate the flow and timing of the messages she received from partners. In two cases, she wrote a short message to explain to a partner that she was too busy to respond. In another message, thinking ahead to the coming school year when she would be in high school, she warned an e-mail partner that she would be too busy to deal with e-mail everyday as a high school student. In messages that attempted to regulate or that commented upon the content of the e-mail exchange, Student 5 also showed more variety and sophistication than other participants. Although other students (e.g., students 6 and 7) used regulatory messages only to express displeasure with the content In school activity-specific
To peer Let's go to health together. In school activity-specific To peer Do you want to play ping-pong with me today?
In school activity-specific
To adult Do you want to go ice-skating with me?
Out of school activity-general To peer Do you want to play badminton today?
In school activity-specific of a message (in most cases in response to nonsense messages), Student 5 gave feedback specifying exactly what she found objectionable in a message. Most of the messages seeking to regulate the tone of partners' messages were written in response to overly affectionate content. Student 4 in particular received messages from more than one partner that were signed, "I love you." Although Student 2 was happy to reciprocate positively to this kind of message, and Student 8 simply refused to respond to this type of correspondence, Student 4's tone varied depending on his interpretation of the partner's intent. When the messages were from a male partner who may have not been aware that the content was inappropriately affectionate, Student 4 attempted to explain his objection to the tone. With a female classmate, he specified that he did not return her affection.
Social validity
The sixth research question focused on the perceived value of the TeenMail program by the classroom teacher and the students. The classroom teacher was administered a written survey with four questions evaluating her perceptions of the TeenMail program across the domains of program accessibility (Questions 1), educational value (Questions 2 and 3), and impact on social connections between students (Question 4).
She reported that overall TeenMail was highly accessible; however, she noted that selected students had difficulty correctly inserting and removing the TeenMail USB drives resulting in the program's failure to launch during subsequent sessions. These USB drives had to be reprogrammed and the students were reinstructed concerning the correct use of the devices. With regard to the educational value, the teacher expressed that TeenMail had a positive impact on the students' writing skills even though specific instruction on grammar, spelling, capitalization, and punctuation was not provided. She reported that less skilled readers and writers were able to increase their recognition of sight word vocabulary and slang, whereas more advanced students were able to further develop their writing skills.
Regarding her impressions about the impact of TeenMail on student social connectedness, the teacher noted that TeenMail provided an authentic, motivating modality for students to connect with their peers and teachers. She highlighted the example of Student 3 (diagnosed with autism) in which TeenMail became a primary mode of communication with peers. Before TeenMail, he rarely interacted with his peers. The teacher also described several "wonderful" connections made between classmates and staff, particularly when there was minimal time for face-to-face exchanges. According to the teacher, several students were able to share feelings about difficult, sensitive topics using TeenMail that would have otherwise not been discussed.
Students were also surveyed concerning their preferences for using TeenMail with five closed-choice questions delivered through their classroom's automated response system. Questions included the following:
1 friend? Survey data revealed that the majority of the students (7) indicated that they would like to use TeenMail several times a week (Question 1). Students varied in their preferences concerning who they wished to correspond with via TeenMail with five indicating that they preferred e-mailing friends only and three indicating that they wanted to e-mail both friends and teachers (Question 2). With regard to changes to the program, the majority of the students (8) indicated that they would like to be able to send and receive photos (Question 3). Five of the 11 students felt using TeenMail helped with their reading, writing, and friendships (Question 4). Finally, 10 students indicated that they would recommend it to a friend, thus indicating high motivation for using the program (Question 5).
In addition to the closed-choice survey described earlier, selected students participated in informal interviews to obtain their feedback concerning the program. Depending on the students' ability to respond, they were asked either open-ended questions (e.g., "What do you think about using TeenMail?";
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"What do you like to write about?") or yesno questions (e.g., "Do you like TeenMail?"; "Do you like to write about movies?"). Transcript data revealed that all students positively endorsed the use of TeenMail in the classroom setting, with four students indicating that they enjoyed connecting with their classroom peers and that they wanted to be able to e-mail peers outside the classroom setting.
DISCUSSION
Current study
This exploratory study investigated the usability of an adapted e-mail interface, TeenMail, for middle school students with a range of communication deficits caused by a variety of diagnoses. It sought to provide an initial sampling of the writing and communicative exchange characteristics for this population when using the modality of electronic communication.
Eleven students comprising a middle school resource room were provided with the TeenMail program in their classroom. All of the students learned to use the program and independently initiated exchanging e-mails with classroom peers and teachers. The high usability of TeenMail for adolescents with a range of learning and communication needs reinforces the accessibility of the design characteristics of this interface including the simple interface that does not require navigating windows because of the split compose/read screen. This study revealed that this population could use an adapted e-mail interface, making it possible to reduce the digital divide isolating adolescents with learning disabilities (Wehmeyer et al., 2004) .
The most notable finding was the unanticipated high number of e-mails that were sent over the 12-week project. Students were excited to use their e-mail program, suggesting that e-mail may be a motivating modality for practicing written social communication for students with learning disabilities. E-mail provides an authentic, social context for the process of writing and, as such, may offer an instructional modality to target social skills.
Specifically, communication samples generated through TeenMail activities could provide teachers and clinicians with performance data to streamline the design, delivery, and monitoring of individualized instruction.
Communication, whether using an oral or written modality, is affected by language skills (Timler, Olswang, & Coggins, 2005) . We were interested in learning whether the students would possess sufficient written language to produce e-mails. There was a range of performance in terms of writing mechanics as shown by the descriptive data, although all students were able to produce meaningful e-mails. The relative strengths or weaknesses of particular variables (e.g., stereotypy, minimal regulatory content, and information transfer) require further evaluation. For example, minimal information transfer may not be inconsistent with the social focus of teen e-mailing or it may represent a weakness, depending on the students' individual profiles. We believe that our study provides an important contribution by producing an initial analysis of e-mail performance in this group that hopefully will provide a comparator for future researchers and perhaps offer some direction for exploring educational targets to enhance written communication.
We realize that the students' enthusiasm for e-mail as a communication tool may not generalize if e-mail activities were more structured and instructive. It is possible that their motivation would decrease if an academic or clinical purpose were attached to the exchanges (e.g., increasing contingency) because this would limit the autonomous use of e-mail.
The most natural and direct application of e-mail as an instructional modality or intervention is to address challenges in social communication. We conducted an analysis of the communicative exchange behaviors found in our sample. Overall, our impression is that contingency and topic transition were weak. We assume that the low percentage of messages that contained topic transition would not be reflected in typical learners, a trend that is consistent with the literature showing students across special education categories use fewer words and have less content in their writing (Scott & Windsor, 2000) . However, without a comparison group, our impressions are speculative. It appears that e-mail could provide an intervention opportunity because impairments in social exchange are evident in this modality.
A few of the students were able to use e-mail in a regulatory manner. This suggests that email may have potential for some students as a method for working on higher level communication skills including social problem solving. This notion was reinforced by the teacher interview claiming that intensive e-mail enhanced social communication for several students.
We hope that our research process may be valuable to future researchers who need a method to code written communication exchange. Our coding parameters were reliable and offered a comprehensive portrait of each student's e-mail behavior. However, the exploratory nature of this study does not allow for interpretation of the data. There may be a number of different factors accounting for observed profiles. For example, one of the most frequent types of communicative intent was to pose a question in an e-mail. Several hypotheses potentially account for this finding. The teacher's initial group instruction that included a reminder to ask questions to e-mail buddies may have facilitated this behavior. Alternatively, the frequent question asking may have been encouraged by one of the interface prompts for "cool e-mail ideas" that suggested asking a question to partners. The behavior may have simply been a student tactic, conscious, or unconscious, to encourage receipt of more e-mails, given that the students seemed to enjoy receiving e-mails in their inbox. It is not possible to test these hypotheses with the descriptive data provided from this study.
Follow-up
We can report informally on several exploratory follow-up activities, evaluating longitudinal use of the TeenMail program by classroom teachers. After the completion of the current exploratory project, the classroom teacher independently asked to keep the TeenMail program. Permission was obtained to evaluate usage every several months with no other researcher contact. The students continued to actively use the e-mail program at the same rate for the remainder of that school year. The teacher then initiated it with her new class the following fall and continues to use TeenMail to supplement her writing and social skills curriculum.
The continued independent implementation of the TeenMail program then led us to explore potential usage by three special educators and two SLPs "naive" to the research project. The researchers sent out a flier asking whether local special education teachers and SLPs working with middle school students would be interested in piloting an adapted e-mail program. Three teachers and two SLPs responded and received two 1-hr sessions to learn how to use the TeenMail program and to set up their students' and clients' USB TeenMail drives. Usage was monitored remotely with no researcher contact for 4 months.
The data supported the current findings, showing that middle school students with a variety of learning impairments could use an adapted e-mail program. Of particular interest was how the teachers and SLPs might use e-mails in their teaching and clinical work assuming that their students could successfully e-mail. Two of the teachers used it with high frequency but for different purposes. One teacher used it as a writing assignment tool in a blog-like fashion. She sent out 27 writing prompts over the 4-month period to the whole class and then provided wholegroup feedback via e-mail. The other teacher, who taught in an autism classroom, used it to reinforce and encourage appropriate social communication between students. She sent 20 e-mails resulting in 135 e-mail exchanges between the students in her class. The third teacher had lower frequency and primarily used TeenMail as an efficient way to communicate with individual students on issues pertinent to academics and classroom functioning and sent an average of one e-mail a week to each student.
Both of the SLPs used TeenMail in their middle school pragmatics groups but in different ways. One implemented the program by having the clients write to each other as homework assignments for their "book group." They were given feedback relevant to sharing their own impressions and responding to other group members' impressions about their book. The other SLP used the e-mail program in her face-to-face pragmatics group to augment her social skills training and reinforce communication targets. She had clients practice generating an e-mail that reinforced a target skill (e.g., taking another person's perspective). The feedback and usage data from these follow-up experiences with teachers and clinicians supported the findings from our exploratory study showing the potential for e-mail to be used with diverse students and clients to address a wide variety of social communication needs in different group contexts. Students were able to use the program and did so with enthusiasm.
The follow-up evaluation provided encouragement for the development of a clinician interface with easy ability to log, edit, and track performance on clinician-selected writing and communication variables. This followup work provided general endorsement for e-mail as a usable tool of benefit to special education teachers.
CONCLUSION
Replication and extension of these exploratory evaluations would provide useful information about the nature of electronic communicative exchange for students with a variety of acquired and developmental learning impairments and concomitant communication deficits. Larger samples, with analysis of communicative threads, would help to identify methods that facilitate effective written communication. In addition, experimentally controlled investigations evaluating the effects of structuring content or delivering prompts would prompt the design of intervention methods to enhance social communicative exchange using e-mails. We acknowledge the preliminary and restricted sampling of our data and hope that it will inspire prospective studies in this area. In particular, we hope that future research will explore the possibilities of e-mail as a social communication intervention tool.
